
I t d ti  t  Introduction to 
Networks 

Lecture 18
Wh t i   t k? • What is a network? 

• Hierarchy of networks 
• Network coreNetwork core
• Packet/circuit switching
• What’s a protocol?p
• Network structure and Layering

*The slides are adapted from ppt slides (in substantially unaltered form) available from 
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“Computer Networking: A Top-Down Approach,” 4th edition, by Jim Kurose and Keith Ross, 
Addison-Wesley, July 2007.  Part of the materials are also adapted from MIT 6.02 course 
notes. 



Our Question: How to transmit 
i f i  f  d  dinformation from end to end
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Our Question: How to transmit 
i f i  f  d  d?information from end to end?

Point-to-point: point to point or node to node links first 
2/3 of this course
Network: links between nodes last 1/3 of this course
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Network: links between nodes last 1/3 of this course
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Network-connecting many users 
together

• A network allows us to connect many users together • A network allows us to connect many users together 
• Consists of many point-to-point or node-to-node links

• In principle if there are N users there are N(N-1)/2 
connections but this does not scale well to billions of users!
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connections but this does not scale well to billions of users!
• Solution: Use a hierarchy of switches or networks



Internet- network of networks

• millions of connected Mobile networkPC

computing devices: 
hosts = end systems

Global ISPserver

wireless
laptop • running network 

apps Home network
Regional ISP

laptop
cellular 
handheld

i ti  li k

I tit ti l t k

Regional ISP

access 
points

• communication links
• fiber, copper, 

radio  satellite Institutional network
wired
links

po nts radio, satellite
• transmission rate 

= bandwidth

router

= bandwidth
• routers: forward 

packets (chunks of 
ISP i i id
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packets (chunks of 
data) ISP: internet service provider



Internet: network of networksInternet: network of networks

• roughly hierarchical• roughly hierarchical
• at center: “tier-1” ISPs (e.g., Verizon, Sprint, AT&T, 

China Telecom), Global, national/international coverageChina Telecom), Global, national/international coverage
• treat each other as equals

Tier 1 ISPTier-1 
providers 

Ti  1 ISP

providers 
interconnect 
(peer) 
privately

Tier 1 ISP Tier 1 ISPprivately
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Internet: network of networksInternet: network of networks

• “Tier-2” ISPs: smaller (often regional) ISPs• Tier 2  ISPs: smaller (often regional) ISPs
• Connect to one or more tier-1 ISPs, possibly other tier-2 ISPs

Tier-2 ISPs 
l   

Tier 1 ISP
Tier-2 ISPTier-2 ISPTier-2 ISP pays 

tier-1 ISP for 
connectivity to 

also peer 
privately with 
each other.

Ti  1 ISP

rest of Internet
tier-2 ISP is 

customer of
1 d Tier 1 ISP Tier 1 ISP

Tier-2 ISP Tier-2 ISP

Tier-2 ISPtier-1 provider
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Internet: network of networksInternet: network of networks

• “Tier-3” ISPs and local ISPs • Tier 3  ISPs and local ISPs 
• last hop (“access”) network (closest to end systems)

local
ISPlocal

ISP
local
ISP

local
ISP Tier 3

ISP
L l d i

Tier 1 ISP
Tier-2 ISPTier-2 ISPLocal and tier-

3 ISPs are 
customers of
hi h  ti  

Ti  1 ISP

higher tier 
ISPs
connecting 
them to rest Tier 1 ISP Tier 1 ISP

Tier-2 ISP Tier-2 ISP

Tier-2 ISP

l l
local
ISP

them to rest 
of Internet

local
ISP

local
ISP

local
ISP
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Internet: network of networksInternet: network of networks

• a packet passes through many networks!• a packet passes through many networks!
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Tier-2 ISPTier-2 ISP

Ti  1 ISPTier 1 ISP Tier 1 ISP

Tier-2 ISP Tier-2 ISP

Tier-2 ISP

l l
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The Network CoreThe Network Core
• Mesh of interconnected 

routersrouters
• the fundamental 

question: how is data question: how is data 
transferred through net?
• circuit switching:circuit switching:

dedicated circuit per 
call: telephone net

• packet-switching: data 
sent thru net in 
di  “ h k ”discrete “chunks”
(Phone networks also 
n  m in  t  this 
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now moving to this 
model)



Network Core: Circuit SwitchingNetwork Core: Circuit Switching

End-end resources En n  r sourc s 
reserved for “call”

• link bandwidth,  switch 
icapacity

• dedicated resources: no 
sharingshar ng

• circuit-like (guaranteed) 
performance

ll  i d• call setup required

network resources (e.g., 
bandwidth) divided into 
“pieces”

• frequency division multiplexing (FDM)• frequency division multiplexing
• time division multiplexing 12

(FDM)
(TDM)



Network Core: Packet SwitchingNetwork Core: Packet Switching

each end-end data stream • resource contention:ach n n  ata str am 
divided into packets

• user A, B packets share

r sourc  cont nt on
• aggregate resource 

demand can exceed p
network resources

• each packet uses full link 
amount available

• congestion: packets 
bandwidth 

• resources used as needed
queue, wait for link use

• store and forward: 
k t    h  packets move one hop 

at a time
• Node receives complete Bandwidth division into “pieces” Node receives complete 

packet before forwarding
Bandwidth division into pieces

Dedicated allocation
Resource reservation
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Packet Switching: Statistical MultiplexingPacket Switching: Statistical Multiplexing

A C100 Mb/s
E hA CEthernet

1 5 Mb/

statistical multiplexing

B
1.5 Mb/s

queue of packets
waiting for outputwaiting for output

link

Sequence of A & B packets does not have fixed pattern  

D E

• Sequence of A & B packets does not have fixed pattern, 
bandwidth shared on demand: statistical multiplexing.

• In contrast  under circuit switching using FDM  each • In contrast, under circuit-switching using FDM, each 
host is allocated with a fixed frequency band. 14



Packet switching versus circuit 
switchingswitching

Packet switching allows more users to use the network!

• 1 Mb/s link
• each user: each user: 

• 100 kb/s when 
“active” N users

• active 10% of time
• circuit-switching:

1 Mbps link
circuit switching
• 10 users

• packet switching:packet switching:
• with 35 users, 

probability > 10 ( ) 0004.01
3535
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A closer look at network structure:A closer look at network structure:

• network edge: network edge: 
applications and 
hostshosts

• access networks, 
physical media: physical media: 
wired, wireless 
communication links communication links 

• network core:
i t t d • interconnected 
routers

• network of • network of 
networks 16



What’s the Internet: “nuts and 
bolts” viewbolts  view

• The individual connecting Mobile networkThe individual connecting 
links: Utilizing Digital 
Modulation, Coding etc

Global ISP

g
• Protocols control sending, 

receiving of msgs
Home network

Regional ISP
• e.g., TCP, IP, HTTP, 

Skype,  Ethernet
I tit ti l t k

Regional ISP

• Internet: “network of 
networks”

l l  h h l

Institutional network

• loosely hierarchical
• public Internet versus 

i t  i t t
17

private intranet



What’s a Protocol?What s a Protocol?
A human protocol and a computer network 

lprotocol:
TCP connection
requestHi

Hi

request
TCP connection
responseHi

Got the
time?

Get http://www.awl.com/kurose-ross

<file>time?
2:00

<file>

protocols define format, order of 
time

p f f f
msgs sent and received among 
network entities, and actions 
taken on msg transmission, 

18
Q: Other human 

protocols? 

taken on msg transmission, 
receipt



Networks are complex!Networks are complex!

• many “pieces” or many pieces  or 
layers:
• hosts Question:• hosts
• routers

Question:
Is there any hope of 

i i t t  • links of various 
media

organizing structure 
of network?

• applications
• protocols Or at least our protocols
• hardware, 

software

discussion of 
networks?

19

software



Example of complex systems:  
Organization of air travel

ti k t ( h ) ti k t ( l i )ticket (purchase)

baggage (check)

ticket (complain)

baggage (claim)

gates (load) gates (unload)

runway takeoff

airplane routing

runway landing

airplane routingairplane routing airplane routing

airplane routing

• a series of steps
20

p



Layering of airline functionality

ticket (purchase)

baggage (check)

ticket (complain)

baggage (claim

ticket

baggage

gates (load)

runway (takeoff)

airplane routing airplane routing airplane routing

gates (unload)

runway (land)

airplane routing

gate

takeoff/landing

airplane routingairplane routing

departure
airport

arrival
airport

intermediate air-traffic
control centers

airplane routing airplane routing airplane routing airplane routing

L  h l  i l t   iLayers: each layer implements a service
• via its own internal-layer actions
• relying on services provided by layer 

below
21



Why layering?Why layering?

Dealing with complex systems:Dealing with complex systems:
• structure allows identification, relationship 

of complex system’s piecesof complex system’s pieces
• layered reference model for discussion

• modularization eases maintenance, updating 
of system
• change of implementation of layer’s 

service transparent to rest of systemp y
• e.g., change in gate procedure doesn’t 

affect rest of system
22

affect rest of system



Internet protocol stackInternet protocol stack
• application: supporting network 

applications
• HTTP, SMTP, FTP, DNS application

• transport: process-process data 
transfer

transport

• TCP, UDP
• network: routing of datagrams from 

  d i i

network

li ksource to destination
• IP, routing protocols

link

physical• link: data transfer between 
neighboring  network elements

802 11  Eth t

physical

23

• 802.11, Ethernet
• physical: bits “on the wire”



Layering InterfacesLayering Interfaces

Application Application

PROTOCOL:
Peer-layer communication

HostHost
pp

Transport
Network

pp
Transport
NetworkNetwork

Peer-layer communication

Datalink DatalinkDatalink
Physical medium

Switch (Router)
• Link and network layers are implemented everywhere• Link and network layers are implemented everywhere
• The end-to-end layer (i.e., transport and application) 

is implemented only at hosts
24

is implemented only at hosts



Summary
• Networks use links to allow us to connect to other 

users and there are 4 key concepts introduced
There are s  many users that simple strai ht link • There are so many users that simple straight link 
connections does not scale

• 1- Therefore a hierarchy of switches is needed1 Therefore a hierarchy of switches is needed
• 2- The switches can be circuit or packet based but 

packet based allows statistical multiplexing and can 
b   ff  be more effective 

• 3- Protocols define how messages are sent
4 B  th  t k  b  li t d  l d • 4- Because the network can be complicated a layered 
approach is utilized

• Each layer has a special function that is self Each layer has a special function that is self 
contained and is a divide and conquer approach to 
the networking issue
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